SHIP PRODUCTION COMMITTEE September 1985
FACILITIES AND ENVIRONMENTAL EFFECTS NSRP 0226
SURFACE PREPARATION AND COATINGS

DESIGN/PRODUCTION INTEGRATION

HUMAN RESOURCE INNOVATION

MARINE INDUSTRY STANDARDS

WELDING

INDUSTRIAL ENGINEERING

EDUCATION AND TRAINING

THE NATIONAL
SHIPBUILDING
RESEARCH
PROGRAM

1985 Ship Production Symposium
Volume |

Paper No. 13:

Engineering Management for Zone
Construction of Ships

U.S. DEPARTMENT OF THE NAVY
CARDEROCK DIVISION,
NAVAL SURFACE WARFARE CENTER



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
SEP 1985 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

The National Shipbuilding Research Program 1985 Ship Production
Symposium Volume 1 Paper No. 13: Engineering M anagement for Zone
Construction of Ships 5c. PROGRAM ELEMENT NUMBER

5b. GRANT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Surface Warfare Center CD Code 2230-Design Integration Tools | REPORT NUMBER
Building 192 Room 128 9500 M acArthur Bldg Bethesda, M D 20817-5700

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE SAR 06
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



DISCLAIMER

These reports were prepared as an account of government-sponsored work. Neither the
United States, nor the United States Navy, nor any person acting on behalf of the United
States Navy (A) makes any warranty or representation, expressed or implied, with respect
to the accuracy, completeness or usefulness of the information contained in this report/
manual, or that the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or (B) assumes any liabilities with respect to
the use of or for damages resulting from the use of any information, apparatus, method, or
process disclosed in the report. As used in the above, “Persons acting on behalf of the
United States Navy” includes any employee, contractor, or subcontractor to the contractor
of the United States Navy to the extent that such employee, contractor, or subcontractor to
the contractor prepares, handles, or distributes, or provides access to any information
pursuant to his employment or contract or subcontract to the contractor with the United
States Navy. ANY POSSIBLE IMPLIED WARRANTIES OF MERCHANTABILITY AND/OR
FITNESS FOR PURPOSE ARE SPECIFICALLY DISCLAIMED.



ENG NEERI NG MANAGEMENT

FOR

ZONE CONSTRUCTI ON OF SHI PS

~3GQ
Qv Y,

'‘Lon315 D30

Tyynft0rivas 3

BY

Thomas Lanb, B.Sc., P.E
Director of Engineering

Tacoma Boat bui | di ng Conpany
Tacoma, Washi ngton

IL.2/01 300-



ENG NEERI NG MANAGEMENT FOR ZONE CONSTRUCTION OF SHIPS

by
Thomas Lamb B.Sc., P.E.

ABSTRACT

Zone construction has been proposed as the way for the U.S. ship-
building industry to improve its productivity and survive the cur-
rent hard times. Obviously as the production requirements for
zone construction are different to traditional ship construction
so are_ the engineering. While production could perform zone con-
struction from traditionally prepared engineering it would do so
inefficiently and after waiting a long time for most of the engin-
eering to be completed before they could start, thus defeating one
of the goals of zone construction.

The production department in a shipyard changing to zone construct-

ion_ will probably reorganize into major zone sections. To obtain
maximum benefits from zone construction it is necessary for the
engineering department to be like organized and managed. The

aper therefore discusses engineering aspects that are influenced
y the change to zone construction.
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1.0

| NTRODUCTI ON

Managenent has been defined as the universal process
of acconplishing work through others. It consists of
handl i ng and maki ng decisions on many conflicating require-

ments at the same time. Because of this, management

anal ysts try to elinmnate the conplexity by conveniently
dividing it up into functions and then discuss each function
and the relationships between them  The four functions that

are always listed are:

0 Pl anning

0 Organizing -
o Directing

0 Controlling

Gt her functions that are sonetines listed are:

o Leadership (a directing function)

o Assenbling Resources part of organizing)
o Staffing part of organizing)
o Training part of organizing)

o Communi cati on part of directing)

o Decision Mking involved in all functions)

(
(
(
(
(
o Budgeting (

a planning function)

The additional functions can all be considered subsets
of the first four as shown by the relationships indicated

I n parentheses.
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Planning is the WHO, WHAT, WHERE and WHEN deci si on
phase of management. It utilizes tools such as Wrk Break-
down Structures, Task Listings, Sequencing, Networking and
Critical Path Method along wth engineering and manufac-
turing skills to select an efficient approach to designing,

procuring material, and constructing a product.

Organi zing consists of the design of the organization,

Its staffing and training.

Directing is the ordering by commands, instructing by
exanpl e or suggesting by consultation, of the necessary
actions to obtain the desired results. It is here that the
"art of management" is truly nost applied. This art, as
well as controlling people, is the nelding of the planning
and organizing which in turn are tools or systens to
determine if the "art" was successful in acconplishing the

pl an.

Controlling is the analysis of operating results in
conparison with the plan If the results do not conform.
action must be taken to inprove the future results so that
the final outcome will achieve or better the plan. Con-
trolling also involves feedback of the results so they can
be used by planning in the future. The control of any

busi ness endeavor requires the follow ng basic know edge:
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o Wat has to be done?
o Wien should it be done?

o What resources does it require?

Wth this know edge, managers can control the work if
the follow ng feedback is provided:

0 Is the work being done on schedul e?
0 |Is the performance better or worse than budgeted?

0 How can problens be corrected?

Any managenent control system nust address all the

above questions.

There is an obvious |ogical sequence of these functions
for every project, namely, planning, organizing, directing
and controlling. Once initiated, the control function may
require continuous re-planning and re-directing if results

are not to plan

Some of these managenment aspects will be discussed in
regard to Engineering for Zone Construction, but before

this is done, it is worthwhile to set the scene to which
t hey woul d be applied.

There have been and, notwithstanding the current world
shi pbui I ding recession, still are many successful ship-

bui I ding conpanies in the world.  The engineering organi-
zation of these successful conpanies, although simlar,
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probably has significant differences. These differences
are due to the devel opnent of the conpanies, their products,
and the skills and experience of their enployees and their
managers.  The devel opment of today's shipbuilding engin-
eering organizations evolved as engineering work was split
into hull and machinery, and then into structure, outfit,
hul | systens and machinery, nachinery and el ectrical
Through time, design and technical calculations were
separated from working drawing preparation. |n nost
engi neering organizations, these divisions or as they are
often called, disciplines, still exist. However, the way
ships are designed and built has significantly changed over
the last 25 years. It is surprising to many that engineer-
ing organization did not change during this time to suit

the design and building methods.

In addition, during the same tine frame, another sig-

nificant change that directly affected engineering require-
ments occurred, namely; the demise of the craft apprentice-

ship system This resulted in the workers being |ess
"skilled and experienced, and required nore and easier to
understand data and instructions from the engineering
organi zations. The craft organized shipyards worked from
the mninum of engineering and-the well trained and exper-
i enced workers devel oped their own details. Because of

this, engineering and production often were isolated from
each other. Today's Zone Construction shipbuilding
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necessitates a very close relationship between planning,
engi neering, and production enployees. |t also requires
an intimte know edge by the engineers of the nethods
used, and the difficulties involved in constructing a ship
in the facility for which they work. Details can no

| onger be left to be solved by the loft, shipfitter, or

pi pe shop! Even though this approach appears to place
nmore responsibility on the engineer, in general, it is
nore logical and interesting. Therefore, it is usually
ent husi astically accepted by the engineer. Unf ort unat el y,
it has been met with mxed enotions by other departnents

I n shipyards.

The reasons for this are many, ranging from incursion
into "their area", to insulting their intelligence by the
i ssue of sinpler but better instructions. Nejther reason,
or any in between, are justifiable. Everyone in the
shipyard should be working as a team ready to adapt to
what ever approach helps it to achieve the goal of conpet-
itive ships in mninum construction time. Ay efficient,
successful ly operated company should be like a set of
precision gears, each departnent |ike many input shafts
with gears meshing with the production departnent, unich
of course is the output shaft. 'This concept is shown in
Figure 1. Incidentally, comunication is the necessary
| ubricant for the organization (gear) and the collection

of the lubricating oil and its processing for return to the
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gear i1s the organization®s feedback. For optimum perfor-
mance, all service departments (input gears) must mesh
with the production department (output gear) In exact
accordance with the organization (gear) design. |t must
operate like a properly lubricated and maintained set of
precision gears. If any service department tries to do
more or less than i1t iIs required to, or If the production
department tries to drive a service department, then the
total organization output diminishes, and the output gear
will become overloaded and may self destruct. Only by
each part of the organization functioning as they are
designed to, will the efficiency approach its optimum.

A set of precision gears will achieve 98% efficiency. It
iIs doubtful 1If any organization can claim any where near
this value. Just as it is essential for the desing of a
gear the detail requirements for each part of the organ-
1zation must be fully understood to complete the design
successfully. Therefore, it is essential that the object-
ives and results for each department be clearly defined,
and the responsibility, authority and accountability be

correspondingly assigned to the departments.

Like most things in life, there is more than one way
to approach the design of an organization, but in all
cases, the engineering goals must be clear and the result-

Ing organization must be capable of achieving the goals.
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Even then it is only possible if all involved use the
organi zation in the way it is designed. |f enployees
or worse, management, do not enthusiastically adopt the
new organi zation, full benefit from the reorganization

w || not be achieved.
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FIGURE 1 - THE COMPANY GEAR
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2.0

VWHAT 1S ZONE CONSTRUCTI ON?

Zone Construction is the nane given to the shipbuilding
techni que wherein the construction of the structure, distri-
butive systenms, outfit and equipment, and installation of
sane are integrated and occur when the ship is in nodular or
partially erected stage. The normal breakdown into system
disciplines, such as structure (shell, deck, bulkhead, etc.),
pi ping, HVAC, electrical, paint, etc., tend to disappear and
all itens become interimproducts. To acconplish this, the
ship is divided into zones, thus the basis for the name.

The division can be a hierarchical systemor sinply sequen-
tial, or any combination in between these extremes. Figure
2 is an example of the first type and Figure 3 the latter.
A beneficial way to handle zone construction is to consider
each ship zone as a work station and then the concept of
zones can be integrated with the shipyard facility work

stations.

Shipyards utilizing the Zone Construction approach are
I dentifiable by constructing ship structure in nodules
(Figure 4) and incorporating extensive advanced outfitting
(Figure 5) They will also be organized by major zone (or
product) such as Hull, Deckhouse, and Machinery Spaces.
Fully outfitted deckhouses will be the formrather than the
exception (Figure 6). In addition, a mmjor aspect is the

conmpression of the design/build cycles shown in Figure 7.
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The benefits of Zone Construction are many and are
covered in the many MarAd/ SNAME SP-2 publications (1, 2
& 3) and the MarAd/ Avondal e Technol ogy Transfer Synposia

(4). The nmajor ones are as fellows:

o

| nproved productivity

I nproved quality

| nproved worker safety

Logi cal sequencing of work

Earlier start to outfit fabrication and install-
ation, thus better utilization of outfit trades
t hroughout the duration of construction rather
than heavy concentration near the end.

Clearer responsibility for conplete design and

construction of each zone.

These all result from an integrated design and install-

ation of outfit at or near ground level, in better facili-

ties and at best attitude.
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FIGURE 6

DECKHOUSE COMPLETED BEFORE ERECTION
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3.0 ENG NEERING REQU REMENTS FOR ZONE CONSTRUCTI ON

Zone Construction requires engineering information to
be prepared in a different way and in a different sequence
and schedule to the traditional approach. |In order to
understand the differences, it is necessary to review the
traditional approach before defining the zone construction

requirements.

Not, withstanding the fact that all engineering design
should be prepared to be the best possible for production
and thus the nost cost effective, it seens that ship
designers have not kept this in mnd as the industry
changed fromcraft to a process activity. Over thirty
years ago, shipyards were craft organized and the various
engineering groups as well as production groups tended to
work in isolation from each other. The anount of detail
shown on the engineering drawings was quite small as the
craftsmen were expected to and were able to use their
training and experience to develop details on the job.

As |long as ships were assenbled on the building berth in
many small individual parts, this system worked quite well
Productivity depended alnost entirely on the effort and
ability of the production craftsmen. Wen welding replaced
riveting, two inportant changes took place. First, it
required better accuracy in cutting and fitting parts,

which provided the inpetus to develop better lofting and

steel processing through optical projection and then
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conputer aided |ofting and conputer aided manufacture.
Second, it enabled structural pre-fabrication to take

place in shops and platens away from the building berth.

Anot her significant event in ship production occurred
during World War Il when the U S. was called upon to be
the shipbuilder to the Allies. The techniques adopted at
the nultiple ship shipyards were geared toward mass pro-
duction, and to overcome the use of inexperienced |abor
Ext ensive prefabrication was planned into the design to
allow an assenbly line approach to be used. Simplified.
engi neering draw ngs were provided to the workers. \very
detailed planning and scheduling of material receipt,
processing and installation were used along with a highly
devel oped production control of the construction processes.
This was possible due to the repetitive processes perform
ed at each work station. FErection panels of up to 50 tons
were handled in some of the shipyards. At the end of the
war, many shipbuilders closely examned the techniques
devel oped in the U S shipyards and adapted themto their
own facility, and in sone cases inproved on them g5 in
the case of the National Bulk Carriers shipyard in Japan

and the i nmpr essive shi pri | di Ng achi evenents in Japan and
Europe in the 1960's.

Qut of this era of noticeable change fol |l owed by the

depressed shipbuilding narket of the late 70's, the need
for consolidation of facilities and ship production
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techniques developed. Aong with this cane the clear need
for ship designers to become cost conscious as they applied

their talents to the design of future ships.

This nust be acconplished by using the nost efficient
method of construction while still satisfying the nmany com
promses resulting from conflicting requirenents between
the owner's desires, regulatory and classification rules,
and the need to have a conpetitive edge over the other ship-
yards. However, many shipyard engineering departnents con-
tinue to work in isolation, wthout taking into account the

producibility of their designs.

Fortunately, it is possible to obtain significant in-
creases in productivity in existing shipyards wthout |arge
investments in plant and construction equipnent by redefin-
ing the ship construction approach, and planning the con-
struction of the ship at the same time as the preparation of
the drawi ngs, thus being able to influence the design to
suit the intended building plan. This also required the

engineering to be prepared to suit the construction approach

Table | sumarizes the major differences between Tradi-
tional and Zone Engineering aogW th the benefits of the
latter. Figure 8 shows a typical design, engineering and
production schedule for the Traditional approach and Figure 9
shows the same for Zone Engineering approach. By conparing

the two approaches, it can be seen that the latter approach
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enables the production department to commence construction

earlier and to conplete the ship in a shorter time than the
Tradi tional approach. This is because the engineering infor-
mation for the first Zone (nodule) is conpleted earlier than
woul d be the many item drawi ngs that the traditional engin-
eering approach requires before construction could comence.
This, in turn, enables the lofting, processing, assenbly and
outfitting of the nodule to occur earlier resulting in the

shortening of the construction tine.

The optinmum engineering information transmttal fornat
for Zone Construction is a drawng or sketch and part |ist
for each workstation (including zones on board the ship).
This is not only for structure but for all other systens. A
work station draw ng (sketch) shows all the work that occurs
at one location, such as platten, shop, nachine, nodule or
zone. It can be one sheet show ng the conpleted product at
the end of all the work to be conpleted at a given work
station with witten sequence (process) instructions or it

can be a series of sequential construction sketches show ng

the build up of the product fromthe received parts to its

conpl eted status for the work station.

Zone Construction requires engineering for all systens
to be available at alnmost the sane tine as that for the

structure. It also requires an integration of materia
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procurenent with the devel opment of the engineering for each
zone so that the required material will be available as early
as possible. This change in time of preparation of engineering

data can be seen from Figure 10.
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TABLE 1 - COVPARI SON OF TRADI TI ONAL _AND ZONE ENG NEERI NG
ENG NEERI NG
TRADI Tl ONAL ZONE BENEFI T
Structural draw ngs prepared Structural draw ngs prepared 1. Wth traditional approach

on itembasis frombow to

stern, e.g.,
Shel | draw ng
Deck draw ng

Bul khead drawi ng
Tank top draw ng
- Framing draw ng

-£7E=

on a construction sequence
basis for subassenbli es,
assenbl i es and bl ocks, e.g.,

- Wb franme subassenbly
- Transverse bul khead
assenbl y

Doubl e bottom bl ock
Wng tank bl ock

construction cannot be started
until a nunber of item draw ngs
are conplete. For exanple, one

bl ock required 13 drawings to
show necessary data. Wth zone .
approach, construction can
cormmence when the first block
drawing is conplete.

2. Wth traditional approach, it is
necessary for soneone (Production
Pl anning) to prepare block parts
lists and sequence assenbly
sketches. Wth zone approach
production can use engineerinﬁ-
prepared drawings directly, thus
saving additional effort and tine.

Machi nery arrangements |aid
out for individual equipment
and pi ping installation.

Machi nery arrangenents |aid
out for "OnUnit" advanced
outfitting packages and

pi ping and grating package
assenbl i es.

"On Unit" advanced outfitting has been
denonstrated to be the greatest
productivity inprover. Aso allows
work to be performed on unit and the
ship to be conpleted earlier
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TRADI TI ONAL

ZONE

BENEFI T

System diagrammatics
prepared for design use

only in preparation of A&
drawings with no particular

accuracy in equipment
| ocation or pipe routing.

System di agrammatics prepared 1.
accurately as possible

I ncluding schemng for pipe
routing with other syste

By integrating all system
diagrammatics in a given space,
the grouping for piping of
various systems can be

consi der ed.

Al'so, know ng that the diagram
matics are nore accurate allows
material to be ordered wth
greater confidence which reduces
the need for margins.

Mre conplete diagranmatics are
acceptable for conplete owner
and classification approval,
i.e., it is not necessary to
send A& drawi ngs for approval.

A&D system draw ngs
prepared for conplete
ship or areas of ship

w thout regard to block
br eakdown or "On Unit"
advance outfitting.
Usual |y prepared as

I ndependent draw ngs for
each system thus making
integration and grouping
of piping and supports

together for installation
ditfficult, if not
I npossi bl e.

and showing all information
required for material
procurenent and planning. 2.
System wor ki ng draw ngs con- 1.
sist of final instructions
to the production worker,
such as spool sheets, 2.
installation sketches and
material lists suitable for
direct incorporation in 3.
wor k packages.

4,

Elimnation of traditional A&

system draw ngs.

Earlier availability of con-
struction information for piping.

Prepared on a zone

: basi s,
earlier

instal lation of piping.

Elimnates current additional

step which can introduce human
error which can nushroom due

to unexpected interferences

and/or rework.
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TRADI TI ONAL ZONE BENEFI T
Engi neering draw ngs, data, Engi neering prepares all 1. Increase in mutual engineering/
etc., that are unsuitable production-required draw ngs production know edge and
for direct issue to and data, such as structural cooper ati on.
Production, must be further sub-assenbly, assenbly and
Brocessed by Production bl ock sequencing skettches, 2. More problens solved on paper
| anni ng. pi pe spool sketches, advanced rather than on hardware.
outfitting drawings and lists,
No input for advanced Prepares advanced outfitting 1. Engineering designs ship to
outfitting. drawi ngs and parts |ists. facilitate advanced outfitting.
2. Forces material definition to
support advanced outfitting.
3. Results in a nore integrated
ship.
Lofting is prepared from Lofting is an integrated 1.  Shortened tmefrom contract
and therefore after part of structural devel op- award to cutting steel
detailed structural nent. Usual detailed o
drawing is conpleted. drawi ngs el im nated. 2. Increased productivity of com
bi ned engineering and |ofting.
| ndependent pl anning and Integrated | anning and. 1. Conpatibility of all detailed
schedul i ng keye% éola ﬁéhe ul;ng or Englneerlgg, schedul es.
master event schedul e. teriel procurement, an _
Production for individual 2. Eiafczuﬁgn%P?ggflOnapngrgﬁpart
work packages. y app
to other departnents.
3. Schedule itenms identifiable to

simpl est production package.
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The design engineering process can be conveniently divided
into BASIC DESIGN and PRODUCT ENG NEERING as shown in Figure 11.

Basi ¢ Design covers all design from conceptual through to
system quantity and material design. This process has again
been conveniently divided into Concept, Prelimnary, Contract
and Functional Design. Al but the last nust be performed before\-,
the award of a construction contract. Functional Design is the
phase where the Contract Design is expanded to contain all design
decisions. Table 2 lists typical Functional Design tasks.

Product Engineering covers all tasks required to transmt
construction information to Production, and other shipyard
departments. It again is divided into two phases. The first,
Transitional Design, is the task of integrating all design
information into conplete zone detailed arrangenents. The
second, Wrk Station/Zone Information Preparation, is the task
of providing all draw ngs, sketches, part lists, process
instructions, production aids (such as NC tape) required by
Production and other service departnents to construct the ship.
Table 3lists typical Wrk Station/Zone Information Preparation

t asks.

Obviously, this approach to engineering will require addi-
tional manhours to acconplish it. However, as shown in Figure 12
the overall result of Zone Construction is a reduction in total

manhours to design, engineer, plan and construct a ship.
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HULL

TABLE 2
FUNCTI ONAL  DESI GN

CGeneral Arrangenent

Qutboard Profile

Li nes

N. A Draw ngs

Structural Mdule Draw ngs

Maj or Foundati ons

Wi ghts, Centers and Lifting Data
Lists of Hull Qutfit

Lists of Hull Fittings

Namepl ates and Notices

Sunmary Painting Schedul e

Sunmary Deck Covering Sequence
Sunmary Hull Insulation Schedul e
Furniture List

Pl unbi ng and Fixture List

Gal | ey Arrangenent

Accommodation Arrangenent

Steering Cear Arrangenent

Rudder and Rudder Stock Arrangement
Rudder and Propeller Lifting Gear Arrangenent
Anchor Handling Arrangenent
Mooring Arrangenent

Life Saving Equi pment Arrangenent
Hul | Piping System Diagrams

Purchase Technical Specifications
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TABLE 2

FUNCTI ONAL  DESI GN

HULL - Continued
Advanced Material Ordering Lists
Steel List per Mdule

MACHI NERY AND Pl PI NG

Machi nery Arrangenent

Shafting Arrangenent

Stern Tube Arrangenent

M C Space & \Wheel house Control Console Arrgt.
Machi nery Piping System Diagrans

Di esel Exhaust Arrangenent

Lifting Gear in MC Space

M C and Pipe Insulation Schedul e

ELECTRI CAL

El ectrical Load Analysis

One Line Diagram

Short Circuit Analysis

List of Mdtors and Controllers
Li st of Feeders and Mins
Electrical E & Diagrans

List of Portable Electrical Equipnent

HVAC
Heating and Cooling Analysis
HVAC Di agram and Equi pnent Li st
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TABLE 2
FUNCTI ONAL DESI GN
HVAC - Conti nued
HVAC | nsul ation Schedul e

- 334-



TABLE 3
WORK STATI ON ZONE | NFORVATI ON

For Structure - Work station information consisting of:

Sequenced isonetric construction sketches and part lists for

subassenbl i es.

Sequenced isonetric construction sketches and part lists for

assenbl i es.
Sequenced isonetric construction sketches and part lists for

modul es.
Sequenced isonmetric construction sketches and part lists for

nodul e erection.

For Piping - Pipe assenbly sketches and part lists. sequenced

pi pe installation sketches and part lists for AAO units and
zones.

For HVAC - Duct assenbly sketches and part lists.  gsequenced
installation sketches and part listsfor equi pment and ducti ng.
For Machinery - Sequenced installation of equipnment (in con-
junction with piping, electrical, H/AC) for AO"On Unit", "On

Bl ock", "On Board", and Zones.

For Electrical - Cableway installation for each nodul e/ zone

including part lists. Cable lengths and numbers per section
for each nodul e/zone.  Equi pment installation sketches and
part lists for each nodul e/ zone.

hul | Qutfit - Sequence installation sketches and part lists for

nmooring fittings, doors, w ndows, |adders, handrails, pai nt,
insulation, joiner work, deck coverings, deck nachinery,
furniture, galley equipment, provision store roons, etc., for
zones.
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TABLE 3- Continued

G For Advanced Qutfitting - Sequenced construction and installation

sketches and part lists for foundations, grating, floor plates,

equi prent, pipe, electrical, and hull outfitting joiner work and

furniture for units, nodul es-and zones.

Al the above work station/zone information will be designated
for either Hull, Deckhouse or Machinery Space grouping. There shal
be no overlap of one group into another group's area to conplete

engi neering work scope.,
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ENG NEERI NG ORGANI ZATI ON FOR ZONE CONSTRUCTI ON

Organi zational Theory has steadily devel oped al ong
with the better understanding of human relations, noti-
vation and worklife sciences. That this is so, is clear
froma review of any bibliography on the subject of organ-
ization. It is not the intent to describe or recomend
any of the theories, especially as the very foundations
have been discredited in recent books about the nost
successfully operated U S. conpanies (5) and future trends
(6). What will be discussed is the basic organizational
requi rements for a shipyard engineering departnent. A
nunber of papers and reports (7, 8, 9 and 10) touch on
engi neering organi zation, but only the later ones do so in
any depth or cover the reasons for the differences. Books
on general technical or engineering managerment (11, 12 and
1.3) describe some organi zational aspects which can be
hel pf ul when exam ni ng shi pyard engi neeri ng organi zati on.
The nore recent papers and reports on advanced shi pbuil di ng
technol ogy all contain three basic principles for shipyard

engi neering organi zation, namely;

1.  Shipyard engi neering should be divided into BASIC
DESI GN and PRODUCT ENG NEERING.  The neani ng of

this breakdown can be seen in Figure 13.

2. Engineering information should be presented in the

sinpl est and nost effective nanner
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3. Engineering information should be devel oped to
transmt only the information needed by one or
more workers at a specific work station to perform

the work at that work station.
To these three should be added a fourth, nanely;

4. Engineering and planning are synonynous and the
Product Engi neering Section should prepare all
pl anning nmaterial, such as lofting, N C processing

data, pipe sketches, instruction sheets.

The reasons for this additional principle should be
obvious to the readers of this paper. It connects together
the | ogical sequencing of the same data and with the
i ncreasing use of conputers and software for CADDCAM it is
possible to generate all the planning material as a natural

fallout fromthe engineering data base.

Before proceeding, it is necessary to review sone

of the well known organizational structures. These include:

o Function o Custoner
o Product O Matrix
o Process
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A Functional Oganization is separated into najor depart-
ments on the basis of function, such as Production, Engineering,
Marketing, Finance, etc. This is the nobst common type of
organi zation structure, as npst people are educated and trained
by function, and also organizations tend to copy other organi-

zations.  Such an organizational structure is shown in Figure 14.

The Product Organization is divided into divisions on the
basis of major products, such as cars, trucks and tractors.
Figure 15 shows a typical Product Oganization. Product
Organi zation has been used for the Product division of nany

| arge manufacturing conpanies.

Sone manufacturing conpanies have found it beneficial to
use an organi zation structure which fits in with the various pro-
cesses through which their work noves, thus the nane Process

Organi zation for which a typical structure is shown in Figure 16.

Service conpanies often utilize a Custoner organization
structure. This type of structure is suited to sales oriented
di vi sions or departnments such as Marketing. A typical organi-
zation is shown in Figure 17. The usual reason for adopting
this type of organization structure is to ensure that the needs
of each custoner are nore than adequately nmet, and to give the

appear ance of special individual attention.
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The Matrix Organization structure, which is shown in
Figure 18, developed fromthe attenpt to conbine the benefits
of nore than one of the above types. This type of organization
was utilized extensively by defense contractors. In its nost
common form the Matrix organi zation provides the nmanager wth
the benefits of both the function and product (project) organ-

I zation types.

The nost recent trend is for shipyards to utilize the
Product organi zation structure, but with the product being
mai n zones of each ship. Cbviously, the nost benefit wll
result if all departments are organized in the sane way. Mich
of the current problens are due to the fact that departments
within the same shipya-rd have different organization structures,
and the resulting msmatch of personnel in them For exanpl e,
it is not uncomon to find engineering functionally organized,
pur chasi ng product organi zed, planning process organi zed, and
production functionally organized. This has to be changed to
achieve high productivity shipbuilding. It is also necessary
for all departments to be organized in the best way to support

the production department.

The Mar Ad/ SNAMVE sponsored | H  Shi pbuil di ng Technol ogy
books lead fromQutfit Planning to Design for Zone Qutfitting.
They develop a very specific approach to engineering

organi zation which basically follows their overal
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production organization. This is shown in Figure 19.
Figure 20 shows a typical U S. shipyard engineering depart-
ment organi zation and Figure 21 the same for a British

shi pyard. It is interesting to note that the British
organi zation is basically a two zone type. The Ship
section handles and integrates everything outside of the
machi nery space, which is handled by the Machinery section.
However, Electrical is still handled for the total shinp.
This approach is also used by at |east one of the success-
ful, large Japanese shipbuilders. However, in the

British shipyard, even though engineering was sonewhat
product (zone) organi zed', the Production departnment was
still functionally (craft) organized. The U S. shipyard
engi neering organi zation is functionally organized wth
the different disciplines working in all areas. As such,
it has little to recoomend it for inproved shipbuilding

t echnol ogy.

Therefore, what should be the organi zational structure
for the future in U S. shipyards? It is suggested that
it should not be the MarAd/SNAME IH type. This is because
the IH approach is not "pure" in that it mxes organization
types such as functional, product and process structure with
zones. This can be seen from Figure 22 which shows that
even though Hull Block Construction, Painting and Electrica
are involved in all three zones, they are organized

i ndependently, and in a different way to the desired zone
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treatment of outfit. It can also be seen that Electrical
which is a function, is treated at the sane level as the
zones giving the DA-ME approach to outfitting. The
inclusion of the "E' for Electrical has no organizationa
basis for being linked in this way to the three zones. It
I's suggested that it is done sinply because of tradition

i n some Japanese shipyards. In order to devel op an

engi neering organization, it is necessary to first devel op
the production organization with which it nust bl end. For
this reason, a hypothetical production organization is shown
in Figure 23. It can be seen that there is no inconpatible
m xi ng of organization structures, and that it is based on a
three zone concept, namely; Hull, Deckhouse, and Machinery

Space.  Each zone covers a basic product even though each

product is constructed from simlar interim products.

There is duplication of crafts wthin the three departnents
which is beneficial as long as there is a backlog of work
to keep them all busy, and could lead to a restructuring

of crafts in the future to inprove their total performance
in leaner and nore conpetitive times.

It is obvious that an organization cannot be designed is
the function of the parts are undecided. Therefore, the
first step in engineering organization design is to establish
the objectives of the Engineering Organization. This will
depend on whether or not any part of the design and engi neering

will be perforned by marine design consultants.
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Based on the proposed Engineering for Ship Production
approach, the objectives for a conplete in-house engineering

department incl ude:

BASI C DESI G\

o Perform concept, prelimnary and contract design

0 Provide technical data for estinmating and planning

o Provide all design support for new ship construction

o Provide Production Engineering

o Prepare all design drawi ngs through key draw ngs and
di agrammati c phase

o Prepare weight calculations

o Provide Systens Engineering

o MEET ALL ACCEPTED SCHEDULES

PRODUCT _ENG NEERI NG

o Organize to best support Integrated Shipbuilding

o Prepare drawings, material lists, lofting, layouts, pipe
assenbly drawi ngs and ot her Production required information

o Performconfiguration control of all engineering information

0 Provide engineering liaison to Production Departnent
o MEET ALL ACCEPTED SCHEDULES

For an Engi neering Departnment using a Mrine Design

Consultant to prepare both the design and the working draw ngs,

the objectives of the in-house Engineering Departnent include:
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BASI C DESI GN

o Provide overall design |eadership and direction

o

Provi de production oriented design requirenents

o Provide continuous nonitoring of project for unique
production nethods and facility invol ved

o MEET ALL ACCEPTED WORK SCHEDULES

PRODUCT ENG NEERI NG

o Organize to best, support Integrated Shipbuilding
o Provide overall engineering |eadership and direction
o Ensure engineering is developed in the way desired
for shipyard rather than what the consultant wants
to do'
o Prepare lofting, pipe assenbly draw ngs, |ayouts, etc.
o Prepare the technical information to conplete work
packages required by Production Departnent
o Provide engineering liaison to Production Departnment
o MEET ALL ACCEPTED WORK SCHEDULES

In both cases, the objectives should be reviewed

regularly to enable a self-inproving capability to flourish.

It has already been stated that the engineering organ-
i zation should be conpatible with the production organiza-
tion. Actually, this is only necessary for the Product Eng-
I neering section. The Basic Design section can be

functionally organized if it best suits its purpose. The

- 351-



expandi ng data base concept (14) logically loads to the organi-
zation of the Product Engineering Section as three groups,

nanely; Hull, Deckhouse and Machi nery Space. This is shown con-
ceptually in Figure 24. Wth such an organization structure, no
group is dependent on another group to conplete their work,
provi de data or have another group check their work for inter-

f er ences.

As an aid for developing a suitable Product Engineering
organi zation, it is worthwhile to construct an Engineering Functi -
Zone matrix such as Figure 25. Such a matrix, the different
product engineering needs for the three zones can be determ ned.
It can be seen that the Hull and deckhouse zones require the
sanme functions, although the application will be different.
However, the functions and application for the nachinery space
are quite different, being for a power plant rather than a
distribution or service system For this reason, it is proposed
that product engineering be organized as three groups, nanely
Hul I, Deckhouse and Machi nery Space. Each group would consi st
of designers and sone drafters experienced in their zone area
who woul d be supplenmented by drafters from a common drafter pool
as the work required. Such an organization is shown in Figure
26. It is believed that U S. shipyards would find it easier
to change to this type of engineering organization than to the

Mar Ad/ SNAVE | HI type.

-352-



woz ONE

0

»
23

MNOI Ly LS
A>N3)S

AL

Note: Electrical is

considered as a system
such as Pipe and HVAC

FIGURE 24 - BASIS FOR ENG NEERI NG SECTI ONS
BASED ON EXPANDI NG COVMON DATA BASE

- 353-



-7GE-

STRUCTURE

STRUCTURAL FOUNDATIONS

DESIGN COMPOSITES
PAINT

PIPE

VENTILATION
MECHANICAL
ELECTRICAL

FI GURE 25 -

PRODUCT ENG NEERI NG FUNCTI ON ZONE

MATRI X




-G6¢g-

ENQINEERINGQ

DEPARTMENT
BASIC DESIGN PRODUCT
BECTION EHOREEAING

|
SEE FIGURE 27

KEY
S - STRUCTURE
PA - PAINT
DC - DESIGN COMPOSITE
PI - PIPE

V - VENTILATION
E - ELECTRICAL
SF - STRUCTURAL FOUNDATIONS
M - MECHANICAL

HULL
SUPERVISOR

DECKHOUSE
SUPERVISOR

MACHINERY
SPACE
SUPERVISOR

S

PA DC PI V E

FI GURE 26 -

S PADC PI V E

SF M PADC PI V E

ENG NEERI NG ORGANI ZATI ON FOR ZONE CONSTRUCTI ON



Al engineers, except those in managenent, |iaison or
those being trained, will be in the Basic Design section
The positioning of engineers in the production departnents
at all levels fromdepartnment to work station has been shown
by the Japanese to lead to significant benefits due to
mai ntaining a high technology level in production and pronoting
superior comruni cati on. In U S. shipyards the duties and
responsibilities of such engineers could be equivalent to'
those in Japanese shipyards, where they are involved in
pl anning, scheduling, nmaterial flow, accuracy control and
manni ng requirenments for their area of responsibility, or
they may be restricted to the usual U S. role of engineering
liaison. in any case, such an approach woul d appear to be
worthwhile for U S. shipyards, as it would transfer the
hi gher techni cal base out into the production departnent,

and enable the engineers to gain production experience and
better understanding of the production departnent's needs
and problenms by engineering.

A suitabl e organization structure for the Basic Design
section in the hypothetical integrated shipyard is shown in
Figure 27. It is a conbined functional/matrix structure.
The functions are the usual Naval Architecture, Mrine and
El ectrical Engineering, whereas the matrix roles are for the
Production and Systens Engineering input to the three

functional roles. The Production and Systens Engi neers are
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directly responsible to the Basic Design Mnager to direct,
educate, train and nonitor the functional engineers in
production oriented design and systens integration

respectively.
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5.0

ENG NEERI NG STAFFI NG FOR ZONE CONSTRUCTI ON

The staffing of the organization is one of the nost
inportant factors affecting its success. Even the best
organi zation will not acconplish its goals effectively and
efficiently if it is not staffed with the correct nunber of
people with the correct bal ance of education, training and
experience. This is equally true of all departnents in a
shipyard, not only engineering. In order for the nodern
shi pbui I ding nethods to be accepted and conpetently used, it
IS necessary to upgrade the technical and educational |evel

of all shipyard managers and supervisors.

It is often stated (15, 16)that the U S. engineering
problemis due to an inadequate nunber of engineers directly
enpl oyed by the shipbuilding industry. Wile it is true that
nore engi neers woul d give the engineering nmanagers nore.
resources to acconplish the work, it may sinply nean nore
engi neers preparing the work in the same outdated inefficient
way. It would obviously increase the cost of engineering so
there would need to be a resulting greater reduction in

production manhours for it to make sense.

Tabl e 4bel ow gives the ratio of graduate engineers to
total engineers in the U S aircraft and shipbuilding
industry as wil as the sanme ratio for British and Japanese

shi pyards.
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TABLE 4 - GRADUATE ENG NEERS/ 1000 EMPLOYEES

U S Arcraft Industry 10
U. S. Shipbuilding 5
British Shipbuilding 6
Japanese Shi pbui | di ng 52

The SNAME SP-2 Panel on Education and Training issued
a report on "Curricular Needs of Shipyard Professionals" in
June, 1984. This report shows that for 10 U S. shipyards,
the ratio of Graduate Engineers per 1000 enpl oyees was act-
ually 14. Before it is concluded that this neans that
everything is therefore fine in the industry, it should be
noted that the same report states that only 20 percent of
t he engi neers were naval architects and marine engi neers.
The report states, "this neans that the other 80 percent
of the entry level technol ogists nost |ikely have not been

exposed to the shipbuilding industry prior to graduation.”

Table 5 (fromreference 17) shows the ratio for both
graduat e engi neers and designers for British shipbuilding.
It can be seen that the nunber of graduate engineers has
fallen from13 to 6 per 1000 enpl oyees since 1965 to 1974.
The total nunber of technical staff has, however, remained
constant at about 60 per 1000 enployees. The natural question
is does the shipbuilding industry really only require half
t he nunber of engineers that are necessary for the aircraft

i ndustry? Japanese experience shows a significantly higher
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TABLE 5 Technologist & Technician Statistics for Shipbuilding Industry

Numbers Employed

Occupation 1965 1067 1068 . 1969 1970 1071 1074
Qualified Scientists & Engineers 1794 1599 957 M 545 445 594
Design & Other Draughtumen 3863 37566 4084 3767 3708 3264 3413
Other_Techniclany 2283 2002 2336 2663 2214 1887 2071
Tolal Technlclang 6140 5847 6420 0430 6010 5171 5544
Total of All Employees 130,050 126,049 _ 121,454___120,106_ 122,250 115802 __ 100,886
QSE/Total Employees B2y 124w 0070%  0:-04% _ 0-45% ___0-38%  0:50%
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Notes: Qualified Scientists and Engineers (QSE) include al employees who hold a university degree or equivalent, or are
corporate members of appropriate professional  institutions.
Prior to 1968 the IINC was included in the definition of QSE but was subsequently excluded.
Prior to 1960 tracers were included with draughtsmen.




ratio. However, it is necessary to |ook at the Japanese
ratio closer to make sense of the conparison. Japanese
graduates are of two types; the first is simlar to U S
and European engineering graduates, and the second is simlar
to a technical college student. The second type is not
included in the U S or British ratios in Table 4, Never -
theless, it is probable that the Japanese ratio for the
simlar engineering graduates woul d be about 20 per 1000
enpl oyees, still significantly higher than the U S. and
Britain. It is suggested that this higher nunber of tech-
nically educated people in the shipyards is a najor reason
for their success in shipbuilding and advanced shi pbuil di ng

t echnol ogy.

Figure 28 shows the enployers of and occupation of Naval
Architects in the U S., Britain and Japan based on Figures
fromreference (18). Its message is clear! The U S needs
nmore Naval Architects (and other engineers) in the shipyards.
How can this be justified, let alone acconplished in a
contracting industry? |t nust be by training engineers in
t he advanced shi pbuil ding technol ogy and allow ng themto
practice the new way in both engineering and the other ship-
yard departnents which nust inprove their performance to
acconplish the goal of higher productivity and shorter building
cycles for future ships. It is understandable that in the work

scarce and conpetitive situation that U S. shipbuilding is
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currently facing, it may be difficult for shipbuilding manage-

ment to take such steps. However, it is probable that those

who survive the current crisis will be the ones who try

I nnovative solutions to the current problemns.
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6.0

ENG NEERI NG TRAI NI NG FOR ZONE CONSTRUCTI ON

Training is another nmajor factor affecting the outcone
of any organization. Wen it is realized that well planned
and practical apprenticeships are alnost non-existent in the
U S. shipbuilding industry, and that nost engineers and
designers are left to "learn the hard way", it is not
surprising that it is close to the bottom of the shipbuilding
technology ladder. It is essential for the U S. shipbuilding
i ndustry to upgrade the know edge | evel of shipyard enpl oyees.
[t will be futile to introduce advanced technol ogy into ship-
yards if they are staffed by |low I evel educated and trained

personnel .

As it is obvious that there is not an abundance of engin-
eering personnel already practicing the -proposed Engineering
for Zone Construction, it wll be necessary to educate and
train existing and new shipyard design and engineering
departnent enployees as well as those of marine design

consultants in the nethods and procedures to be used.

Anot her problem that nust be recognized is that todays
shi pbui | di ng management, including engineering, has been
trained in the traditional ways and are often too busy
dealing with everyday problens to take tine to learn and

conpl etely understand new ways! |In such an environnent, new
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graduates educated and others trained in advanced shipbuil ding
technology will be frustrated by the apparent. |ack of interest

shown by these busy managers.

Therefore, it is suggested that shipyards, either individ-
ually or in association with other shipyards and/or universities
and technical colleges, offer the education and training that is
required to provide the level of advanced shipbuilding tech-
nology to increase the possibility of successful operation in

the near and far future.

The subject of training for any industry is conplex and
| ar ge. It is not even suggested that it can be covered in an
engi neeri ng managenent paper. It was necessary to briefly
discuss it in order to draw attention to the need for a well
pl anned effort by each shipyard and even by the industry. unt i
such a systemis in use, it behooves each engineer and designer

to plan their own training.

Wth this in mnd, a recomended reading reference on this

matter is a recent paper by Dr. B. N Baxter (19). Figure 29
which is froma paper by G Sivewight in reference (21) indi-

cates the thought and planning that nust be expended to devel op
a successful program as well as guide the self trainer on areas
to be developed to be a successful practitioner of Engineering
for Zone Construction. The Common Core Basic Training

prograns that were established by the British
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Shi pbui l ders Training Board for various professions in ship-

buil ding (20), are also useful guides. Another reference

worthy of reading is the RINA Synposium on the Training for Nava
Architecture and Ocean Engineering (21).

It should be renmenbered that education and training are
the food and exercise essential for the healthy and sustained life
of any busi ness. The shipbuilding industry in the U S wll not

beconme conpetitive if |eft undernourished and unfit.
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7.0

ENG NEERI NG PLANNING FOR ZONE CONSTUCTI ON

Engi neering Planning for Zone Construction requires to be
managed just |ike any other worthwhile activity. However, the
Zone approach to engineering can reduce the conplexity of
managenent in the sane way it sinplified planning and schedu-
ling. This is possible because of the follow ng factors:

o Elimnation of duplication of effort and data.

0 Organized to suit zones.

o

I ntegration of lofting and planning wth engineering.
o Material designed, selected, procured and schedul ed
by zones.
o All engineering disciplines working on each zone at the
sane tine.
o0 No issue of engineering information before it is

conpleted for all disciplines for each zone.

As in any business, assumng an effective organization is in

pl ace, planning, scheduling and control are the keys to success.
Wthout them the basic concepts of the nodern integrated 'ship-
yard woul d be unworkable. Therefore, it is likely that in a
modern shipyard, an integrated managenent information system will
be used for these functions. |In such 2 case, it is necessary
for engineering to prepare the information used by the system
Even with such an integrated system it is probable that engin-
eering prepares two schedul es which are unique to its function

and they are:
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o Drawi ng Schedul e

This schedule should list all product engineering draw ngs
which are required to construct the ship. |t should have
an upper and |lower row for each entry in which schedul ed
and actual dates are listed respectively. Colums should
be provided for dates for drawing start, conpletion, sub-
mtt21l to owner, classification and regulatory bodies, and
issue. The drawing schedule is used for a nunber of pur-
poses by the shipyard and others, such as an index of
drawings and as a record of approval action. It should
not be used to control or progress the project. The
drawi ng schedul e could be an automatic fallout fromthe
integrated planning, scheduling and control systemas all

the information is in the common data base.

o Purchase Specification Schedul e

This schedule is required by the shipyard as a neans of
approval control of major purchased equi pment and machi nery
by the owner. It can also be used by the shipyard to record
the status of activity on major equi pnent and machi nery pro-
curenent. Again, it could be an automatic fallout fromthe
i ntegrated managenent systemas all the required information

would be in the common data base.

There are still many shipyards where the different departnents

plan, schedule and control independently! A mgjor or key event
schedul e is used as the integrating docunent but it is difficult

to keep up to date for changes in any of the independent systens.
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The outcome is usually unreliable, confusing and an open
invitation to conflict between the various departnents. If

an integrated systemis not used, the engineering departnent
nmust utilize a planning, scheduling and control systemof its
owmn. In this case, it is inportant that the output fromthis
departnent system can be utilized by purchasing and production
as input to their systens. The system nust provide as a

m ni mum the three basic decisions and the four feedbacks
mentioned in Section 1.0 Introduction. The system should be
sinple to use. For exanple, it should accept enployee tinecard
data w thout an preprocessing manipulation and m ni num additiona

dat a.

Such 2 system was devel oped sone years ago by the author and
will be briefly discussed. It uses the initial planning,
scheduling and budgeting information as the basis and requires
only progress estimates in addition to the enpl oyees nornal
timecards. Even this can be elimnated by using conpletion of
previously performed tasks as the performance efficiency.
Figure 30 shows the report form that connects engi neering,
purchasi ng and production schedul es together. It does not

i ncl ude purchase technical specifications. It is prepared to
tie together issue dates for draw ngs and other engineering
information to production and Bills of Material to purchasing.
The report formis not used by engineering to progress or
control the project. Figure 31 is the schedule and work
assignment bar chart. The chart is produced fromthe initia

schedul e and budget information and is continuously updated.
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It shows when each task is scheduled to be worked on, how many
hour s to be worked each day and schedul ed issue. As each
report is issued, it also shows actual tine worked on each task.
This prevents the del ii{i erately msleading practice of starting
and recording the start for a task on the schedul ed day and then
del aying any further work until later. It is also possible to
show the various stages of work on 2 task, such as design

cal cul ations, draw ng preparati on, BOM preparation, checking,
rework after checking, and rework after approval. By conparing
the schedul ed tine against actual tinme for the last two itens,

an actual indication of the technical excellence, or otherw se,

of the engineering departnent will be given.
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The program works back from the required issue date for engineering
information allowi ng for approval times and determ nes days on which
work nust be done. If a start date is inputed, the nunber of hours
required to be expended each day is also calculated and given.

QG herwi se the days are scheduled on the basis of an 8 hour day.

The program adds up the schedul ed hours to be worked each day and
gives a total. Peaks and hollows in the daily work demand can be
easily seen and adjustnents nmade to even out the manning require-
ments. The program does not currently include an automatic resource
al location capability. Thus, the Schedule and Wrk Assignnent

Report shows the three basic data requirements. By processing tine
charged to each task from the enployees' normal tinecards, each
issue of the report is an excellent visual aid to quickly show how
wel | the schedule is being adhered to. Thus, the first feedback
question can be answered. By incorporating estinmated conpletion of
each identified task, the programw || develop data to answer the
remai ning three feedback questions, thus enabling analysis and
resulting decision and action. This information is shown in the

perfornmance report such as Figure 32. It reports on the

performance of the work conpared to the budget and deternines
i ndividual variance as well as total product variance. It
also projects tinme required for conpletion of each task and
total project, and indicates whether individual tasks can be

done in time, with and without overtinme. Therefore, the

report clearly shows any task that is in trouble. This is
again summarized for the total project as shown in Figure 33.
The system therefore is capable of indicating any problens,
such as delay and low performance and what is necessary to

get back on schedule and inprove performance.
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These reports have been found to be adequate tools to enable a
nunber of engineering projects to be successfully managed and

t he necessary schedul e data comuni cated to purchasing and pro-
duction departnents. However, it is restated that to achieve
the desired high productivity, short building cycle shipbuilding,
engi neering planning, scheduling and control should be a part of

an integrated managenent information systemutilizing a common

dat a base.
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Comrent by L.D. Chirillo on
"Engi neering Mnagenent for Zone Construction”
presented by T. Lanb to the
11-13 Septenber 1985 NSRP Annual Synposium

Any historian who wites in the future about shipbuilding would have to
recogni ze the decade of the 1980s as one in which U S. shipbuilding methods
were revolutionized. Wat has,is and will continue to take place is a shift
from systemoriented to zone-oriented logic. Thus, any paper which draws
attention to problems associated with the transition is performng a useful
servi ce.

As the author suggests, before consideration ofengineering managenent for
zone construction, there nmust first be know edge of how infornmation can best
be organized to incorporate a production department's build strategy. Thus
it is better to regard basic design as consisting of concept, prelimnary
and contract design only, and, nost inportant, in fact vital, to regard
contract design as part of the shipbuilding process. There is now precedent
in the US. shipbuilding industry.

Exxon/ Avondal e for recently conpleted product carriers and Exxon/ NASSCO
for current tanker construction, worked together to produce nutually satis-
factory contract designs which address both the owner's requirements and the
shipbuilders' build strategies. Wth nmore devel opnment of statistical accur-
acy control nethods, future such negotiations of technical natters before
contract award will include the accuracy (quality) level that a ship will be
built to.*

O equal inportance is the need to distinguish zone outfitting frompre-
outfitting. "Zone" is a convenient contraction. What is really meant is
"zone per stage", in other words, an outfitting opportunity ideal for a work
package. Such opportunities can be recognized in a prelinmnary design, e.g.,
outfitting the forward half of an engine-roomflat at first when it is
upsi de down and latter when it is righted conprise two work packages that
are envisioned before contract design starts. The description of such op-
portunities by production engineers is a build strategy which at first
gui des the devel opnent of contract design

* This should be of keen interest to the U S. Navy. Apprehensive about as-
built accuracy, the Navy recently aurhorized photogrametric surveys of
entire hulls. In the commercial world, letters of intent are usually the
basis for negotiating technical matters before contract award. The sane
approach does not seem possible for naval ships until there is realization
that about 73% of naval shipbuilding funds is applied in only three ship-
yards nostly on a negotiated basis, e.g., for Nmtz-class aircraft car-
riers, Trident submarines and some |ead ships of other types.

- 382-



As contract, functional and transition design developments each make more
information available, production engineers are able to refine their build
strategy in time to guide succeeding design phases. Literally, the design
output is work instructions per work package. There is no post design effort
required wherein planners obtain bits of information from many system draw-
ings in order to compose a work package for outfitting a block, for example,
as in preoutfitting. In the absence of such sophisticated guidance from a
production department starting with production engineering input to contract
design, a design department will continue to work in isolation regardless of
its organization.

The author®s Table I is excellent. It can be summarized by saying that the
zone approach features detail design, material planning and material pro-
curement each progressing in the same sequence that work packages are organ-
ized for production, i.e, all departments perform per truly integrated
schedules in accordance with a common strategy. Regretfully, the author®s
paper contains a gross error. Figure 19 does not reflect the organization
described in a series of "MarAd/SNAME sponsored IHI" publications. The
author®s Figure 22, which describes an integrated hull construction, outfit-
ting and painting organization, should be substituted. However, regardless
of the author®s notations, the organization shown in Figure 22 is entirely

product oriented except for electrical, which remains functionally organized
due to tradition as reported in one of the MarAd/SNAME/IHI publications.
Also, product and process are synonymous in the context of Group Technology
(GT) and process flows exist for outfitting and painting in addition to
those for hull construction.

At the peak of shipbuilding activity in Japan, about 1974, IHI"s organiza-
tion consisted of three departments, hull construction, outfitting and
painting, each of which addressed an inherently different type of work. This
logic was extended within each department; a clean separation was maintained
between fabrication and assembly work. For example, hull construction shops
separately addressed part fabrication, sub-block assembly, block assembly
and hull erection. As a consequence of such management specialization by
products classified per GT logic, production line benefits were achieved to.
a degree not achieved elsewhere for building ships.

Regarding fabrication of fittings, only a shop for manufacturing pipe
pieces existed as virtually all other fittings, including foundations, were
obtained from subcontractors. The objective was to concentrate management
attention only where sufficient work flows could be obtained iIn accordance
with GT, i.e., the production of pipe pieces.

Three outfit assembly shops were product organized by specialties, i.e.,
accomodation, machinery and deck (deck is other than accomodation and ma-
chinery), and, the fourth, electrical, was retained as a functional organi-
cation. Usually, the order is given as deck, accomodation, machinery and
electrical, as shown in Figure 22, and the acronym DAME is used.

There 1s something to be learned from the affect of the continuing ship-
building recession. Figure 5-3 of the MarAd/SNAME/IHI publication "product
Work Breakdown Structure (PWBS) - Revised December 1982", shows the IHI
organization as of about 1974. Since then, painting was changed from a two-
shop department to a single shop assigned to the Outfitting Department. The
next change combined sub-block assembly and block assembly under a single
shop manager. The latest change combines hull construction and outfitting
under a single department manager. Thus, as the work force gets smaller,
there is a tendency toward a traditional functional organization.
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However, such changes inpact at departnent and shop |evels only. For
budgeting and costing purposes, work flows by problem categories at supervi-
sory levels within shops remain separated so as to exactly match the PWBS
enpl oyed. In this respect, Figure 5-3 is still valid. Its strength is in the
exact matching of how work is organized within shops to the PVBS. The
author's mxing of inherently different types of work in his suggested

organi zation could not have the sane powerful advantage

Wiil e product organizations are preferred for all |arge manufacturing
firms having high rates of technol ogical change and need to be flexible in
mar ket pl aces, they cannot be applied dogmatically in search of "pure" organ-
ization form as the author proposes. After all, even with electrical as an-
exception, IH"'s degree of electrical conponents, particularly electric
cable, fitted on block is equivalent to or exceeds that achieved el sewhere.
That which is produced, is definitely in conformance w th product orienta-
tion. An overriding need is not for a pure organization of one form in-
stead, it is for the detail design, material marshalling and production
efforts to be organized in the same way so as to enhance conmuni cations
bet ween them Another overriding need is to get production people to devel op
a build strategy before contract design starts.
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DI SCUSSION on T. Lanb's Paper "Engineering Management for Zone Construction of
Shi ps”

| wish to conpliment M. T. Lanb on his paper, which provides a val uable
overview of various Engineering Management principles and its applicability to
zone construction

A question arises in regard to the reduced Engineering |ead terequired
if zone construction is applied. | have read articles to the contrary. In
general, the preparation of zone type drawings will still require compete
devel opment of many scantlings, piping, electrical systems and arrangenents to
make the zone construction drawing as intended, and. unless the Shipyard or
Design Agent has a considerable Engineering staff (rather unlikely in today's
market), this wll require tinme.

The idea is to spend a bit core tinme "up front" and reduce the production
tine.

Anot her area requiring some clarification is the term"zone" as used in
the paper versus the use of this word by SNAMVE/IH/IMP

we do agree with the concept of "Product Engineering” and the idea of
incorporating the Planning function in this group, but the breakdown in Hull
Deckhouse and Machinery Space appears to apply only to commercial vessels
and, as Figure 26 illustrates, requires duplication of effort by the three (3)
groups. For exanple, structural work is being done by two groups but in the
Production area, will require the sanme skills, tools, facilities and
material s. Thus, a single source for data provisioning would be nore

benefi ci al .
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The Engineering staffing in shipbuilding is indeed a problem However ,

considering the present shipbuilding market, ipig probl em may be solved in the

near future.

We anticipate that real shipbuilders will stay with us, but also be

willing to accept the new concepts within the Industry, such as T. Lanb's

paper outlines.
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. . . 20 August 1985
D scussion comrents re:

ENG NEERI NG MANAGEMENT

R
ZONE_OONSTRUCTI ON OF SHIPS .

Wat M. Lanmb is proposing in this paper has nerit in that the el ephant is
eaten in snaller bites and more bites at the same time.  This approach, if
properly supported, will work. | think it would be wise to ook at a 'few of
t hese support requirements because without them this approach to engineering/

design managenent will surely fail.

L Early and Conplete Staffing.

The traditional design spiral still remains as an integral requirenent
of the three basic breakdowns that are proposed in this paper ... HULL
- MACHI NERY SPAcE - Deck Rouse.  The sanme functional requirements and
trade-offs nust be iterated. The difference in M. Lanb's approach is
that it will require staffing of the three basic zones concurrently and
early in all the functional areas. This will raise the nunber of func-
tional engineers required over the traditional approach where the design

spiral is iterated over the entire ship.

2. Interface Managenent.

The proof of the pudding in this design nmanagenent approach is the inter-
face of the three zones. None of the three areas can live as an entity to
thensel ves.  The probl ens associated with interface between the zones are
nmyriad and are not addressed in this paper. Proper attention to this
particular area is vital if the marriage of the zones is to be successful.

There are many systems which of necessity nust be-designed as a conplete
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Page 2 20 August 1985
system which cross the zone boundaries (HVAC, firemain, control and al arm
etc.). This effort nust be identified and supported as input to the zones

for the zone effort to succeed.

3. Managenent of Design "Schedul e Busters":

The success or failure of this approach, as M. Lanb points out, is main-
taining the design schedule. This will require Herculean effort on the
part of design and purchasing personnel to obtain the required vendo'r
information and also requires starting with conplete technical specifica-
tions with the absolute, mninum of customer interference resulting from
change orders. Figure 7 shows this dramatically where the engineering and
material definition are shown concurrent for the first four nonths after
contract award. The slope of these two curves is alnost vertical in the
fifth nonth. | submt that performance of this sort is inpossible given
the current conpetitive economic conditions in this country. It wll be
neigh on to inpossible to select vendors, place purchase orders, and
obtain the requisite design/vendor information in this time frame. | sub-
mt that this is the single greatest shortfall in this approach to

engi neering managenent for zone construction of ships.

Figure 7 also dramatically shows why the custoner must maintain a "hands
off" position in regards to changing the product after contract award.
There is no time allowed in the design process to reverse or hold up any

work once started. This is particularly germane in mlitary construction

where government change orders are a way of life
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4. Naval Contracts vs. Zone Construction:

It is no secret that for the foreseeable future in the United States that
the U.S. Navy is about the only customer around. Unfortunately, this will
pl ace a huge roadblock in any serious effort to reduce the design and
construction tine of ships. The Naval Sea System Command and its
associ ated contract requirenents prohibit this inproved performance.
Vendor procurement requirenents alone will throw the schedule way off.
Poor contract specifications and a penchant for always updating specific-
ation requirenments will throw enough "schedul e busters"” to choke the
el ephant we are trying to eat faster. The NAVSEA tech codes are still
mred down in their systems approach to new construction. \Were tech-
nical approval is required, you can forget about shortening any tine
cycle. NAVSEA and their attendant bureaucracy can-not react to zone cons-

truction design approach.

Another point to consider is that US. Naval Construction, particularly
war shi ps and anphi bians, will require' nore zones than the traditional
hul | - machi nery space-deck house approach. Therefore, the staffing is that

much nore difficult and the interfaces grow accordingly.

| appreciate M. Lanb's approach and feel that it is aimng in the right direc-
tion. | question if it is doable-do with our current shipbuilding contract
practices . . . particularly, naval contracts.

Respectful [y submtted:

Frank H MGath
. Chief Engineer
PETERSON BU LDERS, | NC.
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AUTHORS REPLY

| agree with Mr. Chirillo that it is vital f or Contract Design
to be part of the shipbuilding process and always suggest that it
be developed along with the shipyard Building Plan (Build Strategy)
for the design. There is no doubt in my mind that the cases he
listed provided both the shipowner and the shipbuilder the best
possible design to be constructed in the shipyard and operated by
th owner. However, | dissagree that Functional Design should be
excluded from Basic Design. I recognize that my approach is hot
what IHI suggests, but as | see it Functional Design uses all the
knowledge, skills and calculations that are used in eaflieridesign.
It expands the incomplete Contract Design into a Total Design for{zs'htihpe.
Once Functional Design is completed, there should be no need for
real “design” actions. Transitional Design, which could be called
Transitional Detailing, involves the integration of the completed
systems design into interference free, producible arrangements.
Work Station/Zone Information preparation involves transmitting
the data necessary for the production workers to fabricate and
install the. components. Therefore, for my convenience as an
engineering manager, | feel it is more logical and thus prefer to

keep all design together under Basic Design.

I admit that Figure 19 does not look like the usual repres-
encation of the IHI engineering organization but question whether it
it is a gross error”. my intent was to show the differences
between Japanese, American and British approaches in three
figures on the same page and thus tried to use a common nomeclature.
I have prepared a revised but still modified organization for

the IHI engineering to show my intention better in Figure 36.

-391-



¢ 6 €

SHIP
DESIGN
REPARTMENT

‘ —d o oA - -
| O U T F I T |
HULL DECK accommonal MACHINERY ELECTRICAL
STRUCTURAL FITTING FITTING FITTING FITTING
DESIGN DESIGN DESIGN DESIGN DESIGN
[“STRUCTURAL -~ FOUNDATIONS [~ FOUNDATIONS [~FOUNDATIONS  ELECTRICAL
~OUTFIT - OUTFIT - OUTFIT
- PIPING - PIPING —~ PIPING
- HVAC L. IVAC . VENTILATION
- DECK M/C —MACHINERY

FIGURE

4

MARAD/SNAME/IHI ENGINEERING ORGANIZATION



I also dissagree that Product and Process are synonymous in
the context of Group Technology. Mitranov, the father of Group
Technology, clearly showed that Process Methods were in existance
before and are a separate approach to Group Technology. However,

the GT Method may utilize Process Methods within its production

cells.

Mr Chirillo's update on the changes at IHI- confirms that most
ideas can be improved uponly especially when circumstances' change.
I used the word "pure" to describe what the IHI organization is
not and as a consequence that as it is based on THEIR unique
circumstances should notbe copied but be adapted to suit
another's, We should adopt their good ideas but leave those
based on their traditional problems alone. We have plenty of

our own traditions co deal with!

It isnotand never has been my intent to detract from the
valuable and important part played by the IHI Technology Transfer,
but rather I am suggesting that the Japanese ideas can be adapt-
ed with/additional benefit for different shipyards and their
circumstances in the same way the Japanese improved upon American

and European shipbuilding ideas in the early 1960's.

I have been a life long believer and practitioner of the
guotation by H. G. 'Wells, "chat one man's idea can always be

\
improved in the minds of others". Qiweay

In reply to Mr. Posthumus, | am not suggesting that
Engineering for Zone Construction allows reduced lead time but
rather that Zone Construction along with shorter build cycles

requires it.
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of the zone groups are of only two designations, namely. Trans-

ition Designers and Work Station/Zone Detailers. This is
another change (to the better, | believe) that | have mad2 based
on my experience at TBC. As all design calculations and system

diagrammatics are prepared during Basic Design (Functional),
there is no need for knowledge of the different traditional
disciplines in either Transitional or Work Station/Zone In-
formation preparation but rather an overall integration and work

practice knowledge instead.

It was amusing to me to see that Mr. McGrath has also been
asked, "How do you eat an Elephant?” and knows that the answer is
"in many small pieces”. I never associated my approach with

that technique and | thank him for doing so.

With regard to his specific comments, first, | dont see the

traditional design spiral applying after the completion of Funct-

ional Design. Thus it would not impact the zone grouping in
Product Engineering. The completion of design and the greater
detail in preparing system routing diagrammatics during Funct-

ional Design MAY require more “Functional Engineers” but there
will not be any increase due to any extension of the design

spiral into Product Engineering.

Secondly, the logical completion and organization of the
design during Functional Design provides the basis foran effect-
ive interface information and control. I agree that attention
to this aspect is of extreme importance to the success of the

approach.
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Fortunately, by departing from the traditional structure first
then machinery then electrical cascading preparation of eng-
ineering to complete engineering by zone, the task is reduced in
scope. Instead of the traditional structure, piping, electrical
and HVAC system arrangement drawings, structural module drawings
and accurate dimensioned routing diagrammatics are prepared

before commencing Product Engineering. This is fully discussed
in the SNAME SP-9 Panel publication "ENGINEERING FOR SHIP PROD-

UCTION", to be published this Fall.

Mr. Posthumus is correct, | dousea different zone approach
to the Zone/Area/Stage approach of the Japanese. My approach is
based on my experience from shipyards that were using 'the zone
approach in 1962. I have continued to expand the concept and
its use to a hie?rchical method similar to the one described in
the paper. I use zones to define any desired portion of the ship
in which work is to be performed in erected structural modules.
Prior to that work is designated by work station and the engin-

eering information is prepared for each work station.

The division of major zones into Hull, Deckhouse and Mach-
inery Spaces is applicable to certain non-commercial ships, such
as large warships where the deckhouse is a logical independent
part. Also, | believe that the type of structural work being
performed for Hull versus Deckhouse is sufficiently different to
warrant its separation. However, | agree that for small com-
batants such as frigates or corvettes it is not the best app-
roach, as | have found out since joining Tacoma Boatbuilding
Company. For a number of reasons, the division shown in Figure
35 is better. The engineering organization shown in Figure 36
would then result. It should be noted that the staff in each
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Academit instutitions will accept volunteer |lecturers
who have become ™"born again'" shipbuilders to present
lectures to students, on the basis that EEE. way

to build ships 1is the "new way Do not waste time
discussing older convertional methods.

C. Utilize the SP-9 Panel (Training and Education)
lesson plays and audio visual aids under development
for these lecturers®™ use. This will standardize
the presented material.

d. Cause the NSRP [lectures to be ™"for credit”, examining
students on the material.

e. Establish programs, using the Sp-9 panel material,
both to local Junior Colleges serving the industry,
and to training organizations of shipyards and allied
activities.

In following the above, we can rest assured that in a

very fTew years, the new generation of entry-level engineers
and technicians will infiltrate the industry and will cause
the oldsters to see the light.

It will be amazing to see how quickly the older hands

will pick up new ideas, even if from youngsters!

Measurement of cost Ef f ecti veness, or If You Can"t Measure
It, You Can"t Manage It
During the past secale and a half, the benefits to be

derived by adopting the new technology have been propounded

almost exponentially. Each shipyard that has changed methods
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of Construction from conventicral to zone philOSophy has
anncunced how great it 1is. Shipyard visits reveal units being
erected and pre-outfitted to a markedly advanced degree.

There is little fear That the pieces will not Ffit.

Lacking 1is measurement of the claimed cost effectiveness

that will enable managers to evaluate in terms of dollars

or percentages of manhour expencitures the expected return

on investment. Such a discussion is coubtlessly beyond the
scope of this paper, but the cost of engineering 1is a signifi-
cant one in the cost of a ship, and the organization of the
engineering departments has a. great bearino on that cost.

An analysis of Costs for various organizational structures
described in the paper would be most interesting. It is
suggested that discussion of engineering projectization by
zone, exactly counterparting the planning and opercticns Tfunc-
tions on a percentage of cost basis, would be most valuable.

The another has chronicled a very current and dynamic
subject. He has brought into the open the involvement of
egiein© in the methodology of zone construction. It is
hoped that this work will be the impetus for him to pursue
other aspects of shipbuilding bearing on zone technology,

including Ffinancial aspects of adopting the new technology
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Thirdly, the goal considered in the paper is to organize
engineering to help U.S. shipbuilders become more competitive
with shorter build schedules. I suggest that the current
shipbuilding conditions in this co'untry and the NAVSEA contract-
ing practices make the proposed schedule performance unnecessary
rather than impossible. However, all that this does is
spread the schedule over a longer duration. The sequencing and

the relative phasing remain the same.

Fourthly, | agree that Naval Contracts can deter innovative
approaches to both design and construction. However, it should
be appreciated that as the Functional Design PTS's, drawings,
parts lists and schedules are complete, they are suitable for

all approval actions.. No Product Engineering document is

submitted for approval.

Finally, | dissagree that the approach is un-doable in
today's conditions. Such an approach as described is not only
doable it is necessary for U.S. shipyards that want to survive

and are searching for significant productivity improvement from

design through construction to successful delivery.
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I appreciate Mr. Slaughter®s suggestions on how to introduce new students to

the "new" shipbuilding techniques and hope that they will be adopted. Both the
University of Michigan and the University of Washington offer Ship Production
Technology courses to their students. However, | see the bigger training problem
for existing shipbuilders and that is why | persevered in my persuasion to have
further education courses on Ship Production Technology at the University of Wash-

ington. The course has been held four times over the past three years.

The question of the '"cost" of engineering for zone construction has been addressed
in a general way by a number of sources, the best known being the Avondale IHI
Technology Transfer report. The additional cost in manhours has been quoted from
double to three times traditional engineering. This is not my findings. | have
accomplished my proposed approach for a 30% increase for commercial ships and

this increase was totally offset by elimination of planning effort. For a small
naval combatant vessel, the increase was nearer 65% due to the special drawings

(CDRL items) that the Navy still demands.
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-936-1081
E-mail: Doc.Center@umich.edu




